metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

Bis(2,2'-bipyridine-K 2 N,N')bis(dicyan- 
amido-KA/ 1 )cadmium 

Dasarath Mai, Rupam Sen, Paula Brandao and Zhi Lin* 

Department of chemistry, CICECO, University of Aveiro, 3810-193 Portugal 
Correspondence e-mail: zlin@ua.pt 

Received 1 October 2012; accepted 24 October 2012 

Key indicators: single-crystal X-ray study; T = 150 K; mean cr(C-C) = 0.003 A; 
R factor = 0.028; wR factor = 0.069; data-to-parameter ratio = 20.0. 

In the title compound, [Cd(QN 3 ) 2 (C 10 H 8 N 2 ) 2 ], the Cd 11 ion is 
coordinated in a distorted octahedral environment by four N 
atoms from two chelating 2,2'-bipyridine ligands and two N 
atoms from two monodentate dicyanamide ligands. The 
dihedral angle between the mean planes of the two bipyridine 
ligands is 87.67 (6)°. 

Related literature 

For background to materials with metal-bpy-dca framework 
structures, see: Mai et al. (2006, 2007). For related structures, 
see: Wang et al. (2012); Luo et al. (2002). 




Experimental 

Crystal data 

[Cd(C 2 N 3 ) 2 (C 10 H 8 N 2 ) 2 ] 
M, = 556.87 
Monoclinic, P2Jc 
a = 9.5586 (3) A 
b = 14.9260 (5) A 
c = 16.7007 (6) A 
B = 100.521 (2)° 

Data collection 

Bruker SMART CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
T = 0.760, T m „ = 0.972 



Refinement 

R[F 2 > 2o(F 2 )} = 0.028 

W R(F 2 ) = 0.069 

S = 1.01 

6309 reflections 



V = 2342.66 (14) A J 
Z = 4 

Mo Ka radiation 
/x = 0.97 mm~' 
T = 150 K 

0.30 x 0.16 x 0.03 mm 



25970 measured reflections 
6309 independent reflections 
5064 reflections with / > 2o(I) 
R iM = 0.033 



316 parameters 

H-atom parameters constrained 
Aytw = 0.48 e A" 3 
Ap^ = -0.39 e A~ 3 



Data collection: SMART (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: SHELXL97 (Sheldrick, 2008). 

DM (SFRH/BPD/65056/2009) wishes to thank FCT for 
financial support. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5540). 
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Comment 

Coordination polymers containing dicyanamide [dca", N(CN) 2 ] have gained attention in the last decade due to their 
versatile binding modes where the three possible donor sites allow monodentate to pentadentate binding to the metal 
centre (Mai et al, 2006; Wang et al, 2012; Luo et al. 2002). Herein, we present the crystal structure of the title complex. 

The molecular structure of the title compound is shown in Fig. 1. The Cd 11 ion is coordinated by six N atoms, two of 
which are from monodentate dca ligands and four N atoms are from from two chelating bpy ligands. The coordination 
geometry is distorted octahedral. The Cd — N bpy and Cd — N dC a bond distances are comparable with a previously reported 
cadmium-dca-bpy complex (Luo et al, 2002). The Cd — Ndi Cy anamido bond lengths are slightly shorter than the Cd — N b ip yridille 
lengths. The crystal structure of the Mn(II) analog of the title compound has been published previously (Wang et al, 
2012). 

Experimental 

An aqueous solution (5 ml) of dca (0.178 g, 2 mmol) was mixed with an aqueous solution (5 ml) of Cd(N03) 2 .4H 2 0 
(0.155 g, 0.5 mmol), at room temperature. The solution was stirred for 10 min. Then a methanolic solution (8 ml) 
containing bpy (0.3 12 g, 2 mmol) was added drop wise into the above solution. After the mixture was stirred for about 15 
minutes at room temperature. It was filtrated and the filtrate was left for slow evaporation in air. Plate-shaped colorless 
crystals of [Cd(N(CN) 2 ) 2 (bpy) 2 ] were obtained from the mother liquor by slow evaporation at room temperature after two 
weeks. 

Refinement 

H atoms were placed in calculated positions with C — H = 0.95A and were included in the refinement with U is0 (H) = 
1.2U eq (C). 

Computing details 

Data collection: SMART (Bruker, 2008); cell refinement: SAINT (Broker, 2008); data reduction: SAINT (Broker, 2008); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrogia, 1997); software used to prepare material for publication: 
SHELXL97 (Sheldrick, 2008). 
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Figure 1 

The molecular structure of the title complex with 30% displacement ellipsoids. 
Bis(2,2'-bipyridine-K 2 iV,iV')bis(dicyanamitlo- KiV 1 )cadmium 



Crystal data 

[Cd(C 2 N 3 )2(C 10 H 8 N 2 ) 2 ] 
M T = 556.87 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 9.5586 (3) A 
b = 14.9260 (5) A 
c= 16.7007 (6) A 
R = 100.521 (2)° 
V= 2342.66 (14) A 3 
Z=4 

Data collection 

Broker SMART CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 



F(000) = 1112 

D x = 1.579 MguT 3 

Mo & radiation, 1 = 0.71073 A 

Cell parameters from 320 reflections 

6 = 3.0-29.2° 

^ = 0.97 mm-' 

T= 150K 

Plate, colourless 

0.30 x 0.16 x 0.03 mm 



<p and at scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2008) 
T mm = 0.760, = 0.972 
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25970 measured reflections 
6309 independent reflections 
5064 reflections with / > 2e(I) 
R mt = 0.033 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F* > laiF 1 )] = 0.028 
wRiF 2 ) = 0.069 
S = 1.01 

6309 reflections 
316 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



#max - 29.2°, 9 min — 1.8° 
h = -12— >13 
k = -19^20 
/ = -22->22 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F 2 ) + (0.033 IP) 2 + 0.4905P] 

where P = (F 2 + 2F 2 )I?> 
(A/o-)^ = 0.003 
A/w = 0.48 e A" 3 
Ap min = -0.39 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted P-factor wR and goodness of fit S are based on F 2 , 
conventional P-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 1 > a{F 1 ) is used 
only for calculating P-factors(gt) etc. and is not relevant to the choice of reflections for refinement. P-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ- *ITJ 


Cd 


0.516014(15) 


0.704173 (9) 


0.110929 (9) 


0.02649 (5) 


Nl 


0.41014(17) 


0.82838 (11) 


0.02936 (11) 


0.0301 (4) 


C2 


0.2810 (2) 


0.86215 (15) 


0.03317 (15) 


0.0377 (5) 


H2 


0.2321 


0.8397 


0.0736 


0.045* 


C3 


0.2167 (2) 


0.92750(15) 


-0.01854 (16) 


0.0427 (6) 


H3 


0.1255 


0.9499 


-0.0139 


0.051* 


C4 


0.2872 (3) 


0.95978 (15) 


-0.07727 (17) 


0.0458 (6) 


H4 


0.2447 


1.0044 


-0.1145 


0.055* 


C5 


0.4210(2) 


0.92643 (14) 


-0.08159 (15) 


0.0402 (5) 


H5 


0.4719 


0.9485 


-0.1213 


0.048* 


C6 


0.4796 (2) 


0.86051 (12) 


-0.02727 (12) 


0.0278 (4) 


C7 


0.6241 (2) 


0.82153 (13) 


-0.02755 (13) 


0.0283 (4) 


C8 


0.7115 (2) 


0.85346 (15) 


-0.07896 (15) 


0.0407 (5) 


H8 


0.6806 


0.9009 


-0.1159 


0.049* 


C9 


0.8445 (3) 


0.81530(16) 


-0.07568 (18) 


0.0502 (7) 


H9 


0.9060 


0.8366 


-0.1102 


0.060* 


C10 


0.8865 (2) 


0.74695 (16) 


-0.02259 (17) 


0.0447 (6) 


H10 


0.9770 


0.7196 


-0.0200 


0.054* 


Cll 


0.7949 (2) 


0.71808 (14) 


0.02755 (15) 


0.0356 (5) 


Hll 


0.8244 


0.6710 


0.0651 


0.043* 


N12 


0.66591 (17) 


0.75460(11) 


0.02463 (10) 


0.0271 (3) 


N13 


0.61503 (18) 


0.80134(11) 


0.21846 (11) 


0.0287 (4) 
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Atomic displacement parameters (A 2 ) 
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-0.0002 (9) 


N32 


0.0390 


(11) 


0.0396 (10) 


0.0486 


(13) 


-0.0037 (8) 


0.0019(10) 


0.0130(9) 


C33 


0.0281 


(10) 


0.0406(11) 


0.0334 


(12) 


0.0036 (9) 


0.0028 (9) 


0.0059 (10) 


N34 


0.0316 


(10) 


0.0450(11) 


0.0561 


(15) 


0.0024 (9) 


-0.0052 (10) 


-0.0059 (10) 



Geometric parameters (A, ") 


Cd— N25 


2.267 (2) 


N13— C14 


1.343 (3) 


Cd— N30 


2.273 (2) 


C14— C15 


1.376 (3) 


Cd— N12 


2.3347 (15) 


C14— H14 


0.9500 


Cd— N24 


2.3352 (16) 


C15— C16 


1.379 (3) 


Cd— N13 


2.3672 (17) 


C15— H15 


0.9500 


Cd— Nl 


2.4111 (17) 


C16— C17 


1.381 (3) 


Nl— C6 


1.339 (3) 


C16— H16 


0.9500 


Nl— C2 


1.345 (3) 


C17— C18 


1.387 (3) 


C2— C3 


1.372 (3) 


C17— H17 


0.9500 


C2— H2 


0.9500 


C18— C19 


1.497 (3) 


C3— C4 


1.374 (4) 


CI 9— N24 


1.338 (3) 


C3— H3 


0.9500 


CI 9— C20 


1.381 (3) 


C4— C5 


1.387 (3) 


C20— C21 


1.387 (3) 


C4— H4 


0.9500 


C20— H20 


0.9500 


C5— C6 


1.385 (3) 


C21— C22 


1.366 (3) 


C5— H5 


0.9500 


C21— H21 


0.9500 


C6— C7 


1.500 (3) 


C22— C23 


1.381 (3) 


C7— N12 


1.338 (3) 


C22— H22 


0.9500 


C7— C8 


1.388 (3) 


C23— N24 


1.341 (3) 


C8— C9 


1.385 (3) 


C23— H23 


0.9500 


C8— H8 


0.9500 


N25— C26 


1.153 (3) 


C9— CIO 


1.363 (4) 


C26— N27 


1.296 (3) 


C9— H9 


0.9500 


N27— C28 


1.320 (3) 


C10— Cll 


1.386 (3) 


C28— N29 


1.147 (3) 


C10— H10 


0.9500 


N30— C31 


1.159(3) 


Cll— N12 


1.341 (3) 


C31— N32 


1.296 (3) 


Cll— HI 1 


0.9500 


N32— C33 


1.311 (3) 


N13— C18 


1.342 (2) 


C33— N34 


1.137(3) 
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N25 — Cd — N30 


A/i in /o\ 

94.29 (0) 


/~ 1 '7 XT 11 /"< 1 1 

C7 — N 12 — Cll 


1 1 A 1 A / 1 "7\ 

119.39 (17) 


N25 — Cd — N 12 


AzT f\A i tC\ 

96.04 (6) 


/— • -7 xtii 

C7 — N 12 — Cd 


1 1 A AA / 1 1\ 

119.90 (12) 


\n a p j xt 1 i 

N30 — Cd — N12 


1 ftl 1A //""\ 

102.20 (0) 


pi 1 XT11 f ' \ 

Cll — N12 — Cd 


1 1 A 7A / 1 A \ 

120.70 (14) 


\T1f /~~" A XT') /I 

N25 — Cd — N24 


1 ai h f\ /n\ 

101.70 (7) 


no XT 11 /"^ 1 A 

C18 — N13 — C14 


110 AT /1 0\ 

118.97 (18) 


XT')/) /" <J XT') yl 

N 30 — Cd — N24 


m 1 c { c\ 

92.35 (6) 


pi O XT 11 A 

C 1 8 — N 1 3 — Cd 


117 /11\ 

117.65 (13) 


XT1 1 J XT') y| 

N12 — Cd — N24 


156.12 (6) 


/~1 1/1 X T 1 1 /" • J 

C14 — N13 — Cd 


111 IO f W A \ 

123.28 (14) 


xyir p .1 XT1 1 

N25 — Cd — N13 


A 1 1 "7 /TX 

91.17 (7) 


XT11 /"< 1 A f ' \ Z 

N13 — C14 — C15 


1 11 *7 /1\ 

122.7 (2) 


XT'? A A XT1 1 

N3U — Cd — N13 


1 jCI A H / mC \ 

162.47 (6) 


XT11 /"" 1 A TT1/1 

N 13 — C14 — H14 


118.6 


XT1 1 /"" J XT1 1 

NI2 — Cd — N 1 3 


A1 *7C 

93.75 (6) 


PI f /"" 1 /l TT1 /I 

C15 — C14 — H14 


118.6 


XT') A /" ' J XT 1 1 

N24 — Cd — N13 


"7A 1 1 //"V. 

70.21 (6) 


C • 1 ^ p 1 r - p 1 

C14 — C15 — CI 6 


1101 /i\ 
118.3 (2) 


XTIf P A XT 1 

N25 — Cd — Nl 


1 jCC 1 A ( £\ 

165.14 (6) 


P" 1 A PIC TT1 f 

C14 — C15 — H15 


1 1A O 

120.8 


XT') A A XT1 

N30 — Cd — Nl 


on A A f~l\ 

87.49 (7) 


p 1 /" pi r TT1 C 

C 1 0 — C 1 5 — H 1 5 


1 1A O 

120.8 


XT 1 1 /"^ J XT 1 

N12 — Cd — Nl 


69.20 (5) 


p 1 -7 /^1/T pi f 

C17 — C16 — C15 


1 1 A C /1\ 

119.5 (2) 


N24 — Cd — Nl 


ao a/: /z^\ 

92.96 (6) 


Cl7 — C16 — H16 


1 OA O 

120.2 


XT1 1 /" . 1 XT1 

N13 — Cd — Nl 


A 1 /I A /'/'\ 

91.49 (6) 


f ^ 1 r p 1 /" tti /" 

C15 — C16 — H16 


120.2 


p /- XT 1 ^ 

Co — Nl — C2 


110 A A / 1 A\ 

118.44 (19) 


f ^ 1 /- p 1 ^ p 1 0 

C16 — C17 — C18 


1 1 A 1 A / 1 A\ 

119.20 (19) 


p s XT1 Z"" 1 ,J 

Co — N 1 — Cd 


I n /"a /1 ia 

II /.oO (13) 


P 1 /" pi 7 T T 1 *7 

Clo — CI / — HI / 


1 1A A 

120.4 


/"") XT 1 f ' A 

L2 — Nl — Cd 


123.74 (14) 


p 1 O p 1 -7 TTI 7 

C18 — C17 — H17 


1 1A A 

120.4 


X T 1 1 P "> 

Nl — C2 — C3 


123.1 (2) 


XT 1 1 p< 1 0 /" < 1 1 

N 1 3 — C 1 8 — C 1 7 


111 1 /10\ 

121.26 (18) 


XT1 1 TT1 

Nl — C2 — H2 


1 1 O A 

118.4 


xt 11 pi 0 pin 

N 1 3 — C 1 8 — C 1 9 


1 1 / 1 r / 1 Tv 

116.36 (17) 


p i /" <1 Ty) 

C3 — C2 — H2 


1 1 O A 

118.4 


nn r~Mo pin 

C17 — C18 — C19 


100 OO /10\ 

122.38 (18) 


C2 — C3 — C4 


110c 
118.5 (2) 


XT1 A p 1 p» /" <1A 

N24 — C 1 9 — C20 


111 AA / 1 A\ 

121.09 (19) 


/-i p 'f TTI 

C2 — C3 — H3 


120.8 


XT1 A /" < 1 A P 1 O 

N24 — C 1 9 — C 1 8 


1 1 *7 1 1 / 1 T\ 

117.21 (17) 


C • J P 7 TT-) 

C4 — C3 — H3 


120.8 


pia pin pi 0 

C20 — C 1 9 — C 1 0 


111 7A / 1 A\ 

121.70 (19) 


C3 — C4 — C5 


urn n\ 

119.2 (2) 


1 a pin pn 

C 1 9 — C20 — C2 1 


1 1 A £. ZO\ 

119.6 (2) 


p i-) i~ "• < T T /I 

C3 — C4 — H4 


120.4 


1 A /"'I A TTI A 

C19 — C20 — H20 


120.2 


r~\ r p a t t a 

C5 — C4 — H4 


120.4 


P11 pi)A TT1A 

C21 — C20 — H20 


120.2 


Co — C5 — C4 


119.2 (2) 


pii pn pin 

C22 — C2 1 — C20 


1 1 A A /1\ 

119.4 (2) 


cc \jz 
Co — CD — H5 


1 OA /I 

120.4 


P11 PI I TJ1 1 

C22 — C2 1 — H2 1 


1 OA 1 

120.3 


f • A f ■> r TTf 

C4 — C5 — H5 


120.4 


/—' ^\ r\ PI 1 TT11 

C20 — C21 — H21 


120.3 


Nl — C6 — C5 


111 C O / 1 A\ 

121.58 (19) 


PA1 pn p^l 

C21 — C22 — C23 


1 1 O A /1\ 

118.0 (2) 


XT 1 /" /_ r^n 

N 1 — Co — C7 


1 1 / ni / 1 o\ 

116.02 (18) 


ni pti TTOO 

C2 1 — C22 — H22 


111 A 

121.0 


C5 — Co — C7 


122.40 (19) 


PTl TTOO 

C23 — C22 — H22 


111 A 

121.0 


XT1 1 p o 

N12 — C7 — C8 


111 1/1 / 1 A\ 

121.14 (19) 


XT1 A PIO /"ill 

N24 — C23 — C22 


111 1 /i\ 
123.1 (2) 


XT 1 1 Z"" 1 "7 p /- 

N12 — C7 — Co 


1 1 / no / 1 t\ 

116.98 (17) 


XT1 A pi) TT11 

N24 — C23 — H23 


1 1 O /I 

118.4 


/"■o 

Co — C7 — Co 


101 00/1 n\ 

121.88 (19) 


POO p/)) TT11 

C22 — C23 — H23 


1 1 O A 

118.4 


C9 — Co — C7 


1 1 A 1 /1\ 

119.1 (2) 


PIH XT1 A PT) 

C 1 y — N 24 — C23 


110 HH / 1 "7\ 

118.77 (17) 


/-in p 0 TTO 

C9 — Co — Ho 


120.4 


Pin XT1 A P.I 

C19 — N24 — Cd 


110 /II / 1 1\ 

118.43 (12) 


r-i p 0 TTO 

C7 — Co — H8 


120.4 


/^11 XT1 A pi J 

C23 — N24 — Cd 


111 /'A /1 /1\ 

122.69 (14) 


CIO — C9 — Co 


1 1 A C ZO\ 

119.5 (2) 


P1 xtic pi 

C26 — N25 — Cd 


1 CI 1 A / 1 OA 

152.39 (18) 


Z" 1 1 A /"" n TTA 

CIO — C9 — H9 


1 OA O 

120.2 


xtic p -> /_ xTn 

N25 — C2o — N27 


1 T5 1 /1\ 

173.1 (2) 


pi 0 /- < p» TTA 

Co — C9 — H9 


120.2 


p ^> /■ xtii p ^) 0 

C26 — N27 — C28 


111 AI / 1 A\ 

122.02 (19) 


ro no rn 

v 1 U v, 1 1 


1 1 S 8 O, 


N90 P?8 "M97 

LZo 1NZ / 


1 7? 0 O"! 


C9— CIO— H10 


120.6 


C31— N30— Cd 


155.35 (19) 


Cll— CIO— H10 


120.6 


N30— C31— N32 


171.7 (2) 


N12— Cll— CIO 


122.0 (2) 


C31— N32— C33 


122.00 (19) 


N12— Cll— Hll 


119.0 


N34— C33— N32 


172.3 (2) 


CIO— Cll— Hll 


119.0 
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